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N:; " " " - or the ",- .-

_e'_•"i " Air M_teriel Command, U. S. AirForce "

; C0NSOT.II_TED VULTEE MX-813 DIm'.TA-WII_'O AIR_AkNE COI_IFIGI]RATTON _ :
• , . ./-'i, _.," . • . • _ '. ,, ., ' , - . , '

m:t ':_. ""_...." ' , " ,,. . , : C I _lw.:.:- . '... ,:
"" ,_" "v'..' ' . ." • . '.!".'.. . . ' i. • "." • • • . ",'"

..... . ..... .•, . .,. :,.. :..;. •:: ".'." .

_" : " ,. _::'_/:i" '.'" ."= " ""
....... -+.•-,..: .,.:,'A preli_t .naz_ am.._,_i-s 0f %he•.fly_ _uSlities' of t_e gonsolidat_a

..... ...:',: .':. the resets 6b%_Ine_ from the first .No sc._e models flown lat ,_e

:i_:::_i:. .:;..".INAOA _i_otle,s Aircraft Research _%ation,: Wallops Island, •Vs." The Mach

"",,:::i_.:., ;...i",num_err._e covere_ in the tests _s i_ 0.9 to 1.2. " . " .' - "."

'_ . ,",ii" :.".'i.:i'i,." The a_l_sis _iC.ates' aae_uate eleva.%0r control for trim' in level

_:'. . .......'..flight, over the speed, z_e Inv_sti_t_.: -_hrou_h the .%z_onlc range
• there Is a mild trim.char_e with a slighttucking-under ten_emcy, The

. o..' , -

• #

'_.. :.":°'.,._

..:ie!@vator control efflectiv_nessin the Supersonic rang.e is redhced to .
_" 'about. one-lmlf the' _ub,soni6 .value although su_fio.iemt oo.ntz'ol for m_ne_-

.vering" _'s.available •as in_icate_ by the fact that l0 ° elevator'_eflectic_

p.roduc_ 'Og accelerat'i0n at a"Mach numb.er of 1.2 at _0,000 fee_. The

e.lev_to.r.control forces :ame.high and inAicate the l_wer result e@ of the
boost -sys_te._',' ri'_e damping of the short-perioa oscillati0m is a_e_uate

at sea-iev_l hut.is _e&uce_ at_0_..000 £ee%. The _i_ectio.nal s_a_il1_

•.'_pp.earSaEequatefor the spe'e_ ra_e_ angles of'_t%_0kcover..e_., ,

,-:.-,j........... • •.......... _ :v. ., . ....... . .. .......... ..... ; .

. -... n_m_c_z0N.. -. .

At the request of the Air M_teriei Command, U. S. Air Force, flight•
• , o . .

tests of _-scale. rocket-powere_ models o# the Consolidate_ Vultee MX-S13

"bare eln_ ma_e to

,°

evalu_te'thb _ag an& _.onS:1.tUifZ_ml s'r.m_bi_t-_ a-n_.
5" "'" • " " ' "

•",, •
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i ,_ .-.. _ ... . . , .. " -. .
_:,.- '. control character.is.tics at transoniq and low supersonic .ispeeds at theI q

_ . • NACA Pilotless Aircraft Research. Station, Wallops IslAnd, .Vs. A total

_.:-.....'.' • Of. six _,.o_el§, four 10f which hav e i_een flown, Were 'su_pile& for the
_. ... investigation. The first model was lost due to a .s.tructural failure. • .,

-!_ '_.. i" Three models whichwere i,in_trumented for a study of longitudinal
;.' " ; . stability ,andc0ntrol .hav_ been flown successfully. The pre'sent paper

! . .... is prel_ ._ary_in. that. it .is based, on only the first tw0"of .the thr..ee
!. _:. • .successf_l mo_.els fi0wn.smd does not represent a cc_.plete analysiS.."
'".._'' These 'two m_dels.-:.arereferred, to .herein as moiel i a_ :mo_el 2, •
_'_" .-. " .. • ....:..;_:.....i..i.-.:. •--' .' " • '= ' -- " .-• " . ""

i.... - h sa of fore
_i - " ." with60° swee_b _c_ 6f.i_he ieaddr_.:edge a_,Lan_ aspect ratio :of 2-31; . " ':
_..:.;::':.:.."" the profile at :iall. si_Ise, stations is an: '.NACA6_(O_-006, _ section..

_._... ....::..Lo_gltudlnal an& lateral control are_provid_ by.a. _single; set o_. .':

_i..' i" c0'nstaut_chor& trailing.-edge control,sUrfa6es .aU'_it_:e.wln_ called . :..
[i.....LI.-' elevons. Deflect'ing the elevom s together provides lO_udlnal control
I-_,.•_...'.:'..'.an_ deflecting them ddfferentlal_ gives lateral control_; :The vertical

[.:...::.:..::.i.i.':'tailis of t_iangu!ar pl.an,form with a leadd ._-e.._e".s_ee_b.ack .of6oO- .

:":."-_,":_:'-:...• ".'A f_i_ mocklup i"6fthe MX-813, "_esignated as Jt_e:Co_oliaat_a.

" :; '."::i"-Vultee 7002_ was::_Signed by;tHe,contractor, an@ fllght 'tests of i£he ..,

!:._::_:_:::...::i:::_.'7.oo2 cofffigura_ion,,at transonic. Sl_eeas"are c"ont_Plate._.. The. f_elage
_i_'..-. ::: of, this conf.i_ati.._ .is sc_Wha.'t smaller, an_ of':!addffe_e.nt; shape"- .

"'"".,....":!:tilan.:that:of the MX-_T3:_" The,"i_Se:__e.n0se sect_"ons on tide--l-scale '

, ..,_:_...'"_.i';"m0dels, which 'otherwlse":be_e'sente_: the. MX-813 configuration , _.were . "- .
.....:: ' :_i-moddfled to a_i_r'oxlmate the existlng nose on the 7002 configuration " :
...._" .....",_rlth"the exception o£ the" a/_r intake on the airplane which was .falre_ " ":

:' ::and'the_-scale _x-81S:..m?ael _rdsente_ in.figure ,1.-" .... "
-,. , ... • . .

_:.,.:-.:.".:; .. . The mode.!s:..were..:'fl_n:._tha._.progr_#' _ty_e con%to! Which •cailed. ' ".
,..:.. .. 'for abrupt pull,u_s' arid"_i_h'"._ownswiththei:_eievor_!Ol_eratea "as elevators,

'The flight, tes_ for m0.'d_,!,"l_m.s conduct ed"on Sel_emb:ebl"i,!..19_8 and for

....... 'mo_el 2on October' 15_..19_8- :4 ° . .- . :,,,'.

histories :and the_resUlts.,6_ .an analysisof, the high-speed fl_ing .
i _ualities .%o be _eqted"fr_ _he MX-813' in.the .Mach number rares ... " "

_ram. 0-9 %0 1.,2 base_ on .the results obta_ne_ _rcm the fiight tests.

• of _0,000 feet'. The. computations are based on two center-of-gravlty '
positions, 20 percent an@ _5 percent of the mean. aerod_nsmmlc chord..

• An mnalysis of the _ata in terms of aer6d_C coefficients and "'

i " stabllity derivatives is in progress for all three stability mo_els '
..... . zzoWn. " • " " " " •. •

J.
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. SYMBOLS
.. • • .

'°

tlme frc_ launchlng, seconds

,• i : "?i .... ••;:

Mach n_n_er " " ••

velocity of soun&,..feet per secon_

•free-sires m Static l_ressure, l_.olmd_ Per .Square fo.ot

specific heat "ratto._"_iaiue taken, 1.40 • ' ". '/'• :-

!,_.:'._ H. . .. hlnge m_nent, lnch-_ounde_ total-hea&,pressure-.-:;.::.

[::."[i/..°. :•.. • (eauatlO_ (1) .an.di(•2).),l_ounds l_er:square foot

i;'i!_..?':,;. " ._ mean aerod_r_smic c_ord, feet . ""

'.:-.i:::•..iai i':!• iongl_u&inal acceleration, l_er secondiper-:.S..eco.nd

i:'•_:_:-•_ii•._ .•.:-; • "•: ...."i:iI i normal acceieratlon,_feet i_r secon_ per second _

' transvems6 ac_6ieration, •feet.l_er second _r sec6nd •

i per secon_ : . . <..':-,'.-'.

• .. control deflection measured on chord line parallel
.'to the lalane_of s_m_etrY, degr'ees '. "

• " • " " " • • • ••-<._i.•" • - '°_

.'.:..-... _ i:... "........an_le_ of attack _measured frCm.:_fus.e!age,center .llne,

_- R , Reynold_s number '_) " "% •. :,. "....;••t / •

,. wing area, s_uare feet _- _-

f_ee-stream d2namic pressure, Ix_unds per square.•"T_'__i!/_.:_::_.i" .

i_ • Cc-

, .- . ..

.-..
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CN
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. _,. • .

i" "•..

"i- "_ x ,..

CL .

i .,

CL5trlm

5etrlm

2V 2V

• , r _=- 1'i"1 _.

Coe 'fi ient '
-

. lift •coefficient (CN cos _ + Co sin _)

•trY. lift coefficient

rate of Change of l_ft coefficient with angle of

attack,, per de_.ee

rate of ichangd: of tr..im.llft coefflcient with elevator

' " _eflectio_-__per _@ree.- ' / -
• "':._',.-....,./,.''-.:_..:- . ':" - ." : .'

trlm control deflecti:on, .&egrees:
. . °

stick mordent,. _cheS ' : ..:.

stlck force, 'pouz_s " "

,_er.io&..of'."anoscillation, :,seconds . ,. . '.' ..
• . .v. . : '!". . :. 'i _ >."
'" mc=aent of ir_rtla" al_0ut.,._itchaxfs_;:,slug-feet2 " ".

total damping factor :

.._,..". . .

I ' L' " ,

,'•' - " " " ,m '

.. : • . .

°. ;. . .

....:. .:.- Subsc ' S:

_ACA _ No. sng_3

time to, d_mp to 1/2 amplitude, seconds

.mass, slugs ..•

full-scale airplane

$ ' , . ; _L ,_ " • ._"

I_! ,'....." ", : --'" " "':'."_-. " '", '-'_""" " '_"." :''

_,:: ' : ;.. A three-view drawing of..the "_ _sC.ale model _ecl" :in the present

i_ __ . -investigation is given in figure !.- The pb_slca ! characteristics of .

i_ .... the .fu]_-scale Oc_solldate_:iVu!tee_7602 "a/rpianeanC of the

.models of the I_-813 are _resentei i_"table .T_

,O:..-r_L'_.

Since the _8-scale



models werel .desi_ied,__wit h modifications of. fuselage nose sections,• from

the original MX'813 configuration, the values are not exactly one-eighth
of•the v_.liies:of the full-scale 7002 configuration. • Photogra._hs of...one.
of the _MX-8!Simodels are shown as figures 2 and 3-" The mo_et' $i:f_e_l_ _ .

and components Were constructed of duralumin,, magnesium castings, -and.
magnesium skin. " The fuselage construction was of.the monocoque type and

r. _.: combination at.Lrake-off..
'. • • • • • • • .... ."

/.
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B_ oF ANALYS_

_ The most recent specifications T or satisfactorY flying qualitles
:!, (references lancl 2) have been used as a gui_elln the 9resent-anal_sis'

"" However, inasmuch as the .analysis is restricted to the behavior of the

• ' model at trsmsonic sl_eds , no _etai.!ed step-by-stepcomparison with
these sl)ecifications has been attempted. : : ,_

: The Reynolds number an_[ _ch number ra_es for the full-scale

' " MX-813. airpiane-az_l thb mo_els are.:l_esente'_ in fi_re 6.

• _ An ev_u.ati0n of the effeS_ o_ _sm_g in _itch on the control
•- positiSn re_uire_ for trim in'cared the effect .to be of small magni-. :

tu_e with the mauv_imum effect being i. 9 l_rcen, t at sea level an_ 3. I_ r-

cent at 40,000 feet ford Mach number Of 0.91. This error decreased

with increasing Math number because 'of a _ecrease in elevator effec-

" " tiveness at transonic an& lowsu_ersO_.c s_eeds, The data 9resente_ •

• _ are not corrected :.fbr thls effect,. ": i. ,.'i ' .i'. . ....
. . . ..

', •).

.''[

;* -.

The flying _ml_ties were es_imat.e& _rcm the actual time histories, :

of n_gh_ mo_e!_ z _. z. _e_t_o_'_ Bte_s _oesB=v to reduce the<
flight records to fl_Jl_ _ualit.ies :are describeE in_deta2 !. "i

-- Variation wi%h Mach Number of the Control iPosition "

'- -Requlre_ for Trim in Level Flight.

' • The trimZi_ coefficient _rm•..f_. 0o elevator deflection was ,

were taken from the trim values of CL sz_l 5e obtained from the

time-history data of the flight test of the %we 8-scale models,

i ,flight for the fulI-scale a i_rlilmle wer e obtaine& from the relation

_ for stralght s[nd level....... cL(i•'g) =• ,•The/_ffereace 5etween "_(i g)

Figure 7::'_resenSs a.lty_Ical section of p tiros history and the method

of determlnir_ trim values from the oscillations. The value of CLtrim:

"j' -
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" " F"--"-LH 5e
•57-3 x

wher.e , ]I has been C0rrec%ed to ,full scale.

..... . • ..... • .. #. ,.......
•:" i'"....:.- ": •':: " ""

../ 'i/ . .•

9

• ,. • . -

• . . • .... . • . - •

-,. Change in Normal Acceier_ ._ .a Corresl_ondlng Change

'":;"'" "'.'.' ::• In Elevator De_iectlon _' t.Mach Number "

•.... . "/. " . . . ._..;..- i'._ -,'., -'.::. : ,.
: _ __ __-_:._aiue_0&"_........

....... OL for level f11ght, for, various Mach' numbers were,

" ...' by Im so t_t ._. ,..
• :__Ivl_e_ "' " "

:i _ of this _uan_Ity is. the required quantity

• :_<•:< .

. _". . .,_ :.• _. .: . ...:..._, . : . . , <';.,. . "_ .

m_

m m_m m

• :', ." '.. ': - • " • : :' -i " ' " ""_ '. .

:_i::' :::<Ch_e _n_r_ _oe A_t_ eor_Co_e_on._ Ch_e _ _ ::_

} " ......i:.: ':i ,_'_-_e-_at°rDe_lectlpn(_ . as: a YJlnctlon of Mach Number -

<;"- " : The-'ch._ in _r_ ._e of attack _s d.lvlded by the corre,- -

.. s_On._i-n _ change In _rlm elevator _eflectlon at constant Mech numbers:

,- . . ..: ' .-: :. , . : _e)trl m (Se2.':Sel)_l m .: :'.
• _-. :. , <>.'.. " . . -....

.;__,
_.

, . --T _'r

,o
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.....* .-::'-i' .. "i'.':
., . , • , , , . .

• . ",." ,,. . . . . ., i, _ . _ .,- • ,
,, • . ..

..., ..;,. : ., • .._i:ii .,...:

,.:.. _A_P_ _o. _S _
• ;.j @.@ @ _. , . . . ,,

_:_1- ,O • _ i . ' " . '-. ' _'" " _" " ' _, -" " .:

_;i::. _ . _ = . . . . ,. --.+- . _,+. ._"

_' , . .:i'..... ' " " ..i: ::., - _e:m"tor±es ' " :/., , . . "

i_.' . ' ' '.:_e _i_en. in' _i ._8, 8__. 9 i=d _:_fi_io_ '_i _"._ve_ in _e 10. " "
_, ... " :_: _ _o_,i 1,._lo_tt"_ ._cc'.ier_._ i_-_ _t__ c_l _ ,_ _ -.
_;-,..:,.."-.. : 'i. _i_ .8.. _e c_.l =_er,:_._ i_._e ._e-ot-_tt_, _ ...
_i ' . " control poslti_, hln_' mount, a_ nO_-acceler.ation channels on **
[{'-;.:i/ ' ..... -.: ..figUre 8 serve to i_ent_fy t]_e..c..h_ele,.i..a_L _ii_".tkSs time tntei_el . i. "
.:,"_ ' no values are recor_e_ the dashed lines are estimate_ from the e_a_e

-.':. '_ ' of similar oscil!"ations.- =The hin_e-mc_.ent and_ransverse-acceieration

,_, - " channels were switohe_ to _i_e intermittent Signals on m0_e_l 2 as shown

:._._" " in f_6_re 9. The short dmshe& lines:were estimm.ted frum the results -i

obtained on model i... The solid _ortions of _he curves are the actual
• .. _ata obtai_e_ frc_ t'he :flight...The elevator deflections as l_esente@ .

:' ._n figure8 8 an& 91have been Correcte_ for the twist in the system -_

....: ..i..'c, ause_i_y the hi_e:.._ent_ the angles of att.ack have _een co.rreo%e_L .. '-..
':'for't_e _iffer6_C_."in angle between the, _ngl_-of-attack vane. a_ the. "

,. _.: .. ,": i:".."_-t: .:"" " : " " .-,"" ' " " '* ".... " "

.... , _ . ...... _ LongitUd_nai cs ..'' " . °• ' '/"
L •'

,'._'_ ...--" The charao%er_'stics..of the elevator control in level flight; of the

".' MX-813. Oonfi_ati.on._.e" _esented in figure 11 in. the .for m of the "." "

;:-. *' . variation of the elevator.position required for .trim with Mach numb.er. -.

_:!_:..."-:_:.':_. .con.trolL_osition trim cha_e is m_ni. festedi:be_ween &'Ma_h' number:. * . •
.,.: _ of _0.96 and 0-96 at sea level! an_ at _0,000 iee_.: The. contrOl'_si£ion

_ . ..' " trim change is a function of variation of out-of-trim pitchin_ moment -.
.- .... .. wit_*'"_ch numb.er, _han_ in" cOntrol _effectiveness,i and:'the .mov.ement oZ

_i!!? . " ": _he:_eutr_ point'. The resultant oha_. es in"t_:l_, t.uckix_-_er tend-
_..., . ency.,_ a_l_ear to be relat_ivel_ _ra&ual an_ of-moderate ms_nitu_. For -..
_":,-' 'ex_ple, at 1+0,000 feet a maximum up" eleva_or"a_e, of labour "_0. IS -.

.c •

!,if" ' requlre_ at a Math n_mberofO,96_- " ..

...._, .-_, , . '.:: . :__._':_ - . ., ..".....

II' ."'.",•'• . . . ... : ..,"
l[lll [I] "1 I] ' n,n I
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An evaluation of the stick-fixed maneuver 'point in .the Mach number

range between 0.90 and 1.2 indicated .that the point _is well behind the
most rearward center-of-_ravity position and the reRuiraments are met-

for maneuvering stability in reference i. •.... :. .....:

" :Longitudinal control forces.- The elevator-control force resulted

for _trim in straight and level:flight at various Mach numbers is pre-

sented in figure 12 and the Stick force per g is Presented in .:

figure 13- These stick forces are based on a conventional airplane

,.configuration with 2° of •elevator deflection to i in6h_ of stick move-

-__....i,i merit. This assumpti0n .was 'necessary since the full-scale MX-813 is .
: provided with _i irreversible 100-percent .hydraulic boost control

"_ ...... system_ 'therefore, no relation.exists between hinge-mnments an_l.§tick

forces. The. data do indicate, _owever, the.poWer reRuire'd ofthe.

control boost •System with no _alanclng And trlmaingl devices. For .'...:.

example, ata Mach nu_er of 1.2 at 40,000 #eet, the stick"force. - ...' .
per g based on measured hinge moments is about I000 per g. '-

- :i The variation of elevator-control force for trim with Mach number -

_Tig. 12) inaic'atled•that._uil forces, were.-reRuire& at all speeds be!o_, ' :..

speed wilthin the range of _Mach numbers-from 0,96 .to 1.2.. The opposite. "

._%".- is true fr_ Mach numbers of 0.9:t6 '0.96_-but the elevator angle for,_ '

i:tj - .. . trim in this range of:MaCh number 'increaseS-With increasing Mach .:
,,_:.... ' numb ,er. However, the. S_ick'force'i woui/d be in the correct sense, @ith

!_; :_._':i..' '"res :l_Ot to stick movement thf6u_hou_ the trs_ksonic region.. ' 'i :

' " . •The elevator hinge,moment data, obtalue& for model i indicate a
. "....." ' force reversal at high angles 0f at.tack (_ = 15o). at Mach numbers' +

:."!..:•.i:"". •:bel_ O-9. Model Z._ whlch flew at a_ ies of attack of abbut 7°.

.:_i!• +'-::./:i•i•:.".at ::_4-_0".9, did not sh_¢. a hinge-moment reversal but did indicate "
i..i:i::"_i.:".i.-ji.:i._n_e m_nts near zero.... .'.-.:.... :.: " -_:..'.. _.. .. " ".-. .

_"'.i-'..';_:..: '".. ' .._'._.. . " " " " ' " '" - " '

:.. _"......;."Longitudinal control.,effec_iveness. " The .Variation With Mach-_ :

_i. ."...:.'" num-_er".0f the n0rm_-..-...accelera_i°n"l_.°RUC_d_.:P.el_t. elevator -" " ""_

deflection• ._-5 .:.is-1_resenteain figure i_.i At sea level a •large •"

tralmi_ion in elevator effectiveness: Was a_parent i?ca Subsonic to. :.

._ •low SUl_rsonic spee&s with minimum effectiveness occurring at a Mach

• " ..number,of..l.O6 for.mo_el i. with._the .center-Of.gravity location at-.

25-percent mean aerodynamic chord and at.a Mach number.of 0.98 for
model 2 with:the center-of-_ravity location a_' 20-_rceht mean aero-

dynamic Chord. i.Suffici'ent ccatrol for maneuvering is available as
indicated by the fact that lO° elevator, _eflection l_roduced 5g

acceleration at a Mach_ number of 1.2 at _0,000 feet. .-
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""'  other of control,etfectlvenessis the. e-of- ttaok

_:.:' ':".- .... i :.:.,,. " . . . . . . ,'.... . '" " _ e/trlm ..: ., "L.',,_

_ "" : ' The effectiveness of the:,elevator in chan_i.ng auG]reOf attackat , ......
" . supersorlic speed_ is re_uce_ to about one-half of the subsonic, value.

. This change of effectiqeness occurs gra&ual_., This effect-was .

J particularly noticeable, on model i with the rearWara center of gravity ."
_. - ..where "the trlm"amgles of attack .below MI=_ 0-9 were greater .than the "

_i: .i. r_ge 6f the a_le_of_at_._ vane;-T_e _crease i_::Ci_utr01"effeCtlve _-' .
"_ . IleS.S,is evidence of._he '..i_rease_ stability of t'he _onfiguratlon. a_d ..'.

_:- the deorease_.lifteffectiveness o_ the trailin_-ed_@ flap that CaU "be ._ _

._:%.:. ' _amic"stabiilty.-.The"Ch'araoteristios of_,_he Stick-fixe& sh0r%- ..

_::..i... peri0a lor_itudlnal :0sciiiat_:0_ .are presented In figures 16, 17,. '; .-

_.:::"i.i:_.:."- ..ana 18, U. s, AirForce.s_elciffcat.lons for s_sbility and control ". .. -- .

_i. -:i.:..,_"_characteristics of..airplanes, re.q.uire.that the sliort.-perloa d_.n_' c " "

_;. " ." : ":'rele_sfng _the e!evato"r._shall be. d_e_. t0. i/i0 amIxiltuae .In one.cycle • ./

_ .i!;:."._: " .(basea0n free6ontb0is), Th e _plng';6haracter.istics for the _-:

_! '._""i:-: . scale I_-81S have been'-evaluate_ ;for .the "contmol-fixed condition, : .."-...,.'.
i/_.:_i-." "-..;'.' 'sithoU_h.-_there is _,sli_htssciliatloniln the control position, du.e.. ' " ';: " "

,__!'.;:"::: _..-...._-.t_.'hln_e_nt effect,-which Is.:aPl_rent" in 'figures 7 and 8: 'i."_he-_

_,_'.i.::.--- "_ix@d-controlcharhct@rist.i:cs wi!il ...&ictate.the behavior Of %he.._-813

........;!-". -'...." : s.lnceiit Is _e_i_l_eai_%h _a 'Irre_erslble i00-_eroent, h_draUllc 'boo_ ' "
•:.._="": " ' cozitrol. system. Flgures i7 andl8 indicate that. :thisitallless, design •-

Would more than meet such a.requirement at sea"level Since the iongi -_ _

, tudfn ._i:short-l_eri.oaoscillation will dsmp to. an average value of . - - "

• 1/16a_.llt_'._u_e..in..0necycle. At ._0,000 feet, however., the._amping is- "
:_=i".;" reduced to :about 1/'3of. the-.,sea-level .v.alue. _ . ,. " .. ' " -.. • -

•".'..."'..'":-, ..."..--_:i _.:.,.'_;.:. .,. .. :" ...,. .... , "'...."'.. :.:_,: ...:. .." . .-

i;:';i_::'"?":_-'i.--'"'';"Directi;_ai••stabil'ity""•"H°del 2 aPParentlY ha_ s°med'tre6ti°nal ::.i i•ae"_ymmetrYcausfng;!t to d_vel,6._•a.smal! _0'sf.tive.i:.ii_iaelforcethroughout

_he f.l_t';J.:Tl_s _.effect "1_came about twice:as il-arg@rat Mach number s' "

;i:.:;........'.be!c_ O:-9-. Mo_el i ;&la-not.exhiS"It aU_ s.u.ch:.qm_slstentsiae-f,orce -

_i .:"'':".._- .....variat.iom.,_i:the. sid_ -forces'.On m0._el !" res_ting frc_ .an occasi0nai _.
._:;..,. .. ddsturbance," .gelth_r mo_el sh6we_ divergence. or continuous oscil--..

;::.../.."/•::::. lat_s "..thusi_n_.catlng.. posltlve-dlre6tlonal stab_i:It_;: ....:

" .An _mLlyslS .of the •.f_._ual.itles of the NX'813; gasg:d-o'n th,

.... results obtained, from two -scale models, for Mach-numbers 0.9 to 1.2-

_:"":" ".indicates the foJ.iow/ng conclusions forthe f_ll-scaie air_lane:
,_ ;':- .,_ • . .. . ... ._: ,

'°_" C
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: : i. •There is amlxle elevator control for trim in level flight at sea

leVel o.r at altitude. At _03000 feet a maximum up elevator angle of

about 5° is required at a Mach number/of 0:96. The transoni O trim L
Change, a tuckimg-un_er tendehcy, _a_pears to_e mild. ' '_

• . , ,"

2. The:elevat6r Cautrol remains effective in changing lift or

":angle of attack over the entire• e'pee@ fam_- The effectiveness of

the eleva_c_ in changing augle of attack, however_ Is reduced to about

half of its Subs0nlu value at superson/c"spee_s. This change, of
" effectiveness occurs' graauai_. :::

"[ " :'r , J '•

"-": 3-Wi_ :_hecenter of gravity.•at $5i_ercent mean aerod_Amlc chora

:the norzmalacceleration l_roduce_:_er _e_ee elev.ah_0ris such that/about
.:_i.10°ilup:ielevator_:_e resulted %0 _r_o_uce_Sg at 40,000 'feet_atla Mach '_

• "/,',_ num1_er of' !.2. :•:_The corres_on_ng• stlck force i_er g based•.on ' the ,:-

_ gives an _uddcation"of the _ower re@ulred _of the control boost _etam .•-
• ", . ...• ., ..

< The s  , r!oa osci a io !iB
_,. , : aae_uate over' the spee_ range f_ the sea-level condition (of the

_!'_" _ /_; . 6r_er _ofl cycle/.to::_.,_mp:,%0,i/16 ::_itude) .. At 40,000: feet, however_ '-
!_i) . .'• ' the • _m;Ing Is reauc%d"to about•:lh the_s_a-level val_e. _ _ -- ".

"'_:' •':., :' ,: : 9,•The _eht!omalst.abillty_a_pe_s_t.o be aae@uat@ throughout.

:, . -.- the :s_eed:,and ,_ie-of_at_ack.-ran_e investigated, " " -. " .
:. . .•_/.. i,:_-• ..

_'"" ' ". Lar_ieyAeronauticelLaboratory :.....•. .... :: . _

• Nation_ ! A_visory Ocmm_It.teefor Aeronaut.ice ..

." ... •

_i:;: •'_i _ " _ :i•: " ;' •

[':-"'i-•'".i".
.-T, _ • '... .

chief Of pilotless Aircraft Research Division

,° ." L .'':/ ./ . " " • •

,• . ?. ,....

.• .' , . • . .

'-:.::..;.--,: '[ .:/: .

"-. .,.., -'

1

.Aeronautical Engineer.
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